Abstract
Results
The prevalence of HPV was 4.1%, (95%CI 3.0-5.5, n = 43) at the first test, and at the second test 2.6% remained positive (95%CI 1.7-3.8, n = 27). The majority of women positive in both HPV tests, had dysplasia in histology, 81.5% (22/27) (4 CIN 2-0.4%, 18 CIN 1-1.7%). HPV-related dysplasia was found in 2.1%, (95%CI 1.3-3.2, n = 22) of the 1051 women. Four of the 22 women with positive HPV tests also had abnormal cytology, one ASCUS and three CIN 1. No cancer or glandular dysplasia was detected.
Conclusion
A significant proportion of elderly women were found to have a persistent cervical HPV infection. Among them there was a high prevalence of CIN diagnosed by histology. The HPV test showed high sensitivity and specificity in detecting CIN in elderly women, while cytology showed extremely low sensitivity.
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Introduction
There is a lack of knowledge concerning the prevalence of infection with oncogenic types of human papilloma virus (HPV), and cervical dysplasia in women of 60 years and older. Older women often ask for continued screening for cervical cancer (CC) after the organized screening is terminated. In Sweden, a combination of organized and opportunistic Pap smear screening has reduced the incidence of squamous cell cancer in cohorts most regularly screened, by around 70% [1] . The present screening program ends at the age of 60. The Board of Health and Welfare recommend screening with an HPV test for women of 30 to 64 years of age, to be implemented during 2017 [2] . At present around 500 new cases of CC are diagnosed in Sweden annually, and the mortality is about 170 per year [3, 4] . The incidence of CC has decreased in the age groups included in the screening program. About 30% of the cases of CC occur in women older than 60 and the mortality rate is about 70% in this age group [3, 5, 6] . Cervical cancer in women above the age of 65 is usually discovered at advanced stages and the prognosis is poor [6] . Women previously treated for cervical intraepithelial neoplasia grade 3 (CIN 3), are at increased risk of developing and dying from cervical or vaginal cancer, compared with the general female population. The risk accelerates above 60 years of age, suggesting a need for lifelong surveillance of these women [7] . During the past century the average life expectancy in Sweden has risen from 55 to 84 years and many women over 65 are healthy, continue to work [8] , and have an active sex life [9] . Persistent infection with oncogenic types of human papilloma virus (HPV) is the major cause of cervical cancer [10] . As HPV DNA tests are more sensitive than cytology to detect pre-malignant lesions on the cervix, this method is now preferred as a primary screening method [11, 12] . Repeat testing for HPV can be used to increase the specificity in the screening for cervical cancer [13] .
In post-menopausal women, due to hormonal changes, the transformation zone where precursor lesions develop, is situated in the cervical canal and is therefore not accessible for proper examination and sampling [14] . As a consequence Pap smear for conventional cytology or liquid based cytology (LBC), has a low sensitivity and diagnostic surveillance with colposcopy for biopsy has little value [15] . Several studies have shown that screening with cytology has a low sensitivity in post-menopausal women [16] [17] [18] [19] . There is limited knowledge regarding women older than 60, concerning the prevalence of HPV and its association with dysplasia and we have not been able to identify any studies focusing on this age group [20] . The aim of the present study therefore was to investigate the prevalence of HPV and cervical dysplasia in women of 60 years and older.
Methods
This retrospective study is based on 1051 women aged 60-89 years (mean age 68 years), attending an outpatient gynecology clinic and having an HPV test as part of a gynecological examination (Fig 1) . The study period was from September 2013 until June 2015. Women lacking the cervix, and those with a previous negative Pap smear within two years, were not included in the study. Participants having a positive first HPV test were re-examined after 3.5 months on average, including a second HPV test and a sample for LBC. Those who were HPV positive in the second test were referred to the outpatient clinic at the local hospital (Mora Hospital) for colposcopy, biopsy and second LBC. Women who tested negative in the second test had a third HPV test after one year. All HPV tests, colposcopies and LBCs were performed by one of the authors (AKL). The majority of the colposcopies with biopsies, cervical abrasions and conizations, were performed at the local hospital in Mora by one of the authors (RSH).
All LBC specimens were screened by cyto-technicians and those considered as abnormal were reviewed by a surgical pathologist. For cervical cytology The Thin Prep Pap Test was used. The cervical smear was collected with a plastic spatula and a cyto-brush. LBC specimens were placed in PreserveCyt solution and processed in the Thin Prep 5000-processor, HologicCytyc Corporation, Boxborough, Mass.) [21] . Specialists in surgical pathology examined the cervical biopsy samples and cones for histologic diagnosis. One senior pathologist re-evaluated all LBCs, cervical biopsies and cones, focusing on glandular atypia and adenocarcinoma.
The HPV test was performed using a multiplex real-time PCR assay (hpViR) as earlier described, which detects the following high-risk HPV types 16,18,31,33,35,39,45,51,52,56,58 and 59 (18 and 45 are detected together, and 33,52 and 58 as one group). A cervical sample was collected using a cytobrush. The sample was applied to a filter paper matrix, an indicating FTA elute card (Whatman, Inc., Clifton, New Yersey, rt no WB120411 [22, 23] . The DNA was obtained from the FTA cards as described earlier [23] . The threshold for a positive HPV type was set to 10 copies per PCR [22] .
The primary end point measurements were HPV infection and precursor lesions verified by cytology and histology. History of dysplasia in screening data back to 1986 was obtained for the HPV positive women.
The Regional Ethical Review Board, Uppsala, Sweden approved the study (Dnr 2015/136). Data was accessed anonymously. This retrospective study on clinical data did not require patient consent according to the Ethical Review Board. The HPV positive women have given written informed consent for historical data as approved by the Regional Ethical Review Board, Uppsala, Sweden (Dnr 2016/441).
For statistical analysis the Statistical Package for Social Sciences (SPSS) version 22 for Windows and Excel were used. A p-value less than 0.05 was considered statistically significant. The age groups 60-64 years (n = 277), 65-69 years (n = 394), 70-74 years (n = 235), 75-79 years (n = 95), 80-84 years (n = 41) 85-89 years (n = 9) and 60-69 years (n = 671), 70-79 years (n = 330), 80-89 years (n = 50) were compared. For statistical significance testing between age groups the chi-squared test in SPSS was used. Confidence intervals (CI) of proportions (Fleiss) were calculated using Excel [24] .
Results
All 1051 women offered testing, accepted an HPV test, and all samples were considered adequate and analyzed. The study design and HPV and dysplasia occurrence is shown in Fig 2 as a flowchart. All HPV positive women but one, were followed up for 22 to 43 months. Fortythree women (4.1%, 95% CI 3.0-5.5) were positive for HPV in their first test. In a second test, on average 3.5 months later, 27 women (2.6%, 95% CI 1.7-3.8) were still positive. All HPV positive women (n = 43) had a cervical smear for LBC collected at the same time as the second sample for HPV test was collected. Of the women with a positive second HPV test 81.5% (22/ 27) had dysplasia in histology, where four had CIN 2, and 18 CIN 1. HPV-related dysplasia, CIN 1-2, in the study population was thus 2.1% (95%CI 1.3-3.2) and CIN 2 alone was 0.4% (95%CI 0.1-1.0).
Of the 27 women that were positive for HPV in the second test, four had either atypical squamous cells of undetermined significance (ASC-US) or CIN 1 in cytology. One of them had benign histology and turned HPV and cytology negative after one year. Of the 22 women with dysplasia in histology, 19 (86.4%) had a normal cytology while 3 (13.6%) had dysplasia (1 ASC-US, 2 CIN I) also in the cytology. Women who were HPV negative in the second HPV test, 37.2% (16/43), all had a normal cytology and were scheduled for a follow up HPV test after one year.
In the third HPV test of 15 women after one year (one woman was deceased due to nongynecological disease), 2 (13.3%) women were HPV positive with the same HPV type as in the first test. Cytology and histology showed CIN I in one woman and was normal in the other. There was no atypia of glandular cells, adenocarcinoma in situ or adenocarcinoma found. In screening history (from 1986 and onward) of the 43 women that had a positive first HPV-test 16 (37.2%) had a history of dysplasia (10 CIN 1, 2 CIN 2, 2 CIN 3, 2 others). Ten of these women (23.3%) had dysplasia before 60 years of age and 6 women when older than 60.
All HPV types tested for were found (Fig 3) . Multiple infections were found in three women in the first test, and one of them was HPV negative in the second test. In the second test one of these women had a multiple infection with the same HPV types. Two other women had a single type infection in the first test but multiple infections in the second test. Of all 27 (62.8%) who tested positive in the second HPV test, 7.4% (n = 2) had shifted HPV type from the first to the second test (Fig 4) .
At colposcopy of 26 of the 27 women who were also HPV positive in the second HPV test, the transformation zone (TZ) was not visible in 17 (65.4%), and partly visible in 9 (34.6%) of the cases. No one had a fully visible TZ. Vaginal lesions were found with colposcopy in three cases and biopsy for histological evaluation showed vaginal intraepithelial dysplasia VAIN I in all three cases. All three women with VAIN also had CIN I.
There were no differences in prevalence of HPV or dysplasia between age groups (5 years and 10 years), and there were no HPV positive women above the age of 80 (n = 50). The most prevalent HPV types were HPV 16 (27.9%) 12/43, followed by HPV 33/52/58 (20.9%) and HPV 31 (14.0%) (Fig 3) . The distribution of HPV types in patients with dysplasia is shown in Fig 5. Conization was performed on 20 HPV-positive women, and of them 15 of 19 (78.9%) were HPV negative at follow up, on average 15 months (9-36 months) after surgery.
Discussion
To our knowledge this is the first study on the prevalence of HPV and the association between HPV and dysplasia in elderly women. We found that the HPV prevalence was rather low in older women, but if they also tested positive in a second HPV test, the risk of cervical dysplasia was high. Since dysplasia was not detected by cytology in the vast majority of cases, LBC does not seem to be an appropriate method for screening women older than 60. In Sweden women are invited to the screening program until the age of 60, meaning that the current study focused on women who are no longer screened.
In the current study 4 .1% of the women tested were HPV positive. As a comparison Ferenczy et al found that only 1% were HPV positive, out of 306 tested postmenopausal women aged 50-70 years [25] . The low prevalence could be due to a potential selection bias since these women had attended a Jewish hospital or clinics in private practice. Petignat and co-workers on the other hand found an HPV prevalence of 6.7% in women over 60, but the mean or median age is unfortunately not mentioned [26] . The reason why the different studies show such large differences in HPV prevalence, is probably due to different populations rather than different age groups or methods used to analyze for HPV. We believe that our data is reliable up to the age of 75, but not in women older than 75, since their number is rather small. A limitation of the current study is clearly the rather few women in the older age groups and the fact that it was carried out in one region of Sweden.
HPV clearance between test one and test two was as high as 37.2% after on average 3.5 months. This is surprisingly high since a study on women aged 30-50 years showed 29% clearance after on average 4.4 months (personal communication). In another study on women aged 30-65 years the clearance was 41% with 2.7 months between test one and test two [13] . It has previously been shown that an HPV infection persists longer in women older than 30 years compared with younger women [27, 28] . A general belief is that the clearance from an HPV infection is a quicker process in pre-than postmenopausal women, but this might not however be true. The reason why 13% were positive with the same HPV type in the third HPV test as in the first HPV test, one year after the negative second test, is most probably explained by being a latent infection with no, or limited viral replication, or that the result from the HPV test was below the threshold for a positivity when the second HPV test was done. It has been shown that about 1 in 10 women who appear to have cleared their HPV infection may be latently infected [29] .
We found poor correlation between LBC and histology, with only three with a positive cytology out of the 22 with dysplasia in histology, i.e. 13%. Cytology is thus not an appropriate method for the detection of cervical dysplasia in this age group. We also found that almost half of the women had a nonvisible TZ and none had a fully visible TZ. Colposcopy thus gave poor guidance for taking biopsy, as the transformation zone was not fully visible. We suggest this constitutes a potential sampling error for both cytology and histology due to an inability to visualize and sample from the TZ, which is the origin for precancerous lesions [14, 30, 31] .
Biopsies lacking the TZ are not reliable and thus diagnostic conization should be offered to women with negative biopsies. In our experience there are additional difficulties in diagnostics in older women, due to vaginal atrophy and sometimes also vulvar disease such as lichen sclerosis.
Despite accounting for known risk factors, Charlton et al. were unable to predict individual patients' probability for progression of low grade squamous epithelial dysplasia (LSIL), to high grade dysplasia (HSIL) and adenocarcinoma in situ (AIS), on the basis of available data in women 16-66 years (mean 30.5 years) [32] . In younger women CIN2+ is the treatment threshold but in menopausal women this might not be optimal. Treating CIN 1 in older women might lead to fewer controls and the potential harm is less, since there is no risk of obstetrical complications due to a shorter cervix. In this study there was a high proportion of HPV negativity after conization at the short term follow up. Yet the optimal strategy, in terms of preventing cervical cancer in postmenopausal women, will depend on the degree to which precancerous changes progress to cancer or spontaneously regress, and this is not studied in elderly woman. Unfortunately, there is still no test to determine which precancerous lesions progress to cancer or spontaneously regress.
There is a need for future studies to form a basis for a screening algorithm adapted for postmenopausal women. In our experience Swedish women exit the screening program sometimes with the misleading information that they are not at risk for cervical cancer. Recently the Swedish Board of Health and Welfare has recommended a screening program based on HPV testing, which is extended until the age of 64 [2] . Our clinical experience is that many older women ask for cervical cancer screening. The knowledge that about 30% of the cases of CC occur in women older than 60, and that the mortality rate is as high as about 70% in this age group, should encourage an extension of the screening programs to also include older women.
Conclusions
We hope that our results will serve as motivation to conduct studies focusing on older women also, in order to effectively reduce the prevalence of cervical cancer in this age group. Moreover it is clear that persistent cervical HPV infection is common in this age group and that the vast majority have cervical dysplasia. It is also clear that cytologically-based screening is not meaningful in this age group due to the low sensitivity of this method. The next step would be to introduce repeat HPV testing as a screening method and to find algorithms for sampling strategies such as self-sampling, test intervals and treatment options.
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